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The May 2014 report, ñGreen/Duwamish River Watershed Pollutant Loading Assessment Technical Approachò 

(Technical Approach) includes a summary of existing environmental data (through approximately 2012) for the 

Green-Duwamish watershed and the Lower Duwamish Waterway (LDW); and a summary of the existing 

computer models that have been developed to simulate water, sediment, solids, or pollutants in the watershed. 

The Technical Approach proposed use of the following linked modeling tools: the LSPC1 watershed model, the 

EFDC2 receiving water model, and the Arnot and Gobas and DYMBAM3 food-web models.  Use of these models 

requires a variety of background data, ñexternal forcingò data for model configuration, and supporting data for 

model calibration and validation.  Following development of the Technical Approach, a technical memo 

summarizing data needed to support the development of a linked watershed / receiving water / food web model 

(FWM) was developed and entitled, ñExisting Data and Model Evaluationò (dated February 2015).  

The previous technical memo suggested that hydrology and hydrodynamics data to support LSPC and EFDC 

development were generally available and not expected to be an obstacle for model development.  For water 

quality, it was suggested that data were available to support LSPC, EFDC, and FWM configuration and calibration 

to different degrees depending on the parameter.  Calibration data are sufficiently available for some parameters, 

but are limited for others.  Recent and ongoing data collection by USGS, Ecology, King County, and the Army 

Corps of Engineers (ACOE) were deemed critical supplements to the available data, particularly for the watershed 

model.  Finally, development of the linked models are benefitting from the foundation laid by previous modeling 

efforts. 

This ñData Gaps and Pollutant Groupingsò technical memo builds upon this previous work with a focus on a more 

narrow set of parameters that have been identified by Ecology and EPA.  First, aspects of pollutant behavior for 

the prioritized candidate pollutants and recommendations on pollutant grouping are presented.  Additional 

discussion is provided on model development approaches for the selected parameters in the context of the 

available data.  Finally, data and knowledge gaps are summarized along with strategies for addressing these 

gaps.   

The memo is organized into 3 primary sections (excluding the introduction, references, and appendices). 

In Section 1, a discussion is provided for pollutant behavior and grouping recommendations for candidate 

pollutants. 

                                                      

 

1 Loading Simulation Program - C++  
2 Environmental Fluid Dynamics Code 
3 Biodynamic Model of Bioaccumulation 
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In Section 2, foundational information from RI/FS and previous LDW modeling is presented along with a 

discussion of gaps and strategies for EFDC, CSOs, and the food web modeling.  

In Section 3, data or knowledge gaps for the watershed are discussed in the context of model construction and 

source attribution.  
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1.0 CANDIDATE POLLUTANTS AND POLLUTANT GROUPINGS 

Ecology and EPA have identified a set of pollutants that are candidates for modeling in the Green-Duwamish 

River Watershed Pollutant Loading Assessment.  These candidate parameters constitute a fairly diverse mix of 

lipophilic chlorinated hydrocarbons (PCBs, dioxins/furans), polyaromatic hydrocarbons (PAHs), one phthalate, 

and metals (Table 1). 

The candidate parameter list is expected to be refined based on this memo and additional discussions.  For 

example, it has not yet been decided how PCBs or cPAHs will be modeled. Total PCBs contain a mixture of up to 

209 individual congeners, which can be sorted into 10 homolog groups based on the number (1 to 10) of chlorine 

atoms attached to the biphenyl ring structure.  In addition, there is interest in both dissolved and total metals. 

Table 1.  Candidate chemicals for modeling (listed in order of priority) 

Parameter  

Fate and 

Transport 

Food 

Web 

Justification 

PCBs Y Y High concern to both WQ and CERCLA, 

accumulate in biota, fish consumption advisory, 

recontamination potential  

Carcinogenic PAHs (cPAHs; benzo(a)anthracene, 

benzo(a)pyrene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, chrysene, dibenzo(a,h) 

anthracene, indeno(1,2,3-cd) pyrene) 

Y Y High concern to both WQ (most 303d listings) and 

CERCLA, accumulate in biota, ecological concern, 

recontamination potential  

Dioxins/Furans (2,3,7,8 TCDD) Y Y High concern to both WQ (most 303d listings) and 

CERCLA, accumulate in biota, ecological concern, 

recontamination potential  

Arsenic (inorganic) Y N Concern for both WQ and CERCLA- natural 

background issue  

Phthalates (Bis-2EH phthalate) Y Y Primarily concern for CERCLA, recontamination 

potential, accumulates in biota- surrogate for other 

phthalates 

Copper Y N Aquatic toxicity concern for ESA species- indicator 

for built environment 

Zinc Y N Aquatic toxicity concern for ESA species- indicator 

for built environment 

Mercury Y ? Limited 303d listings, concern for CERCLA, fish 

consumption advisory 

 

The type and amount of data available for each constituent varies, and data availability will have an important 

influence on modeling strategy.  For example, mercury is of interest, primarily as a contaminant of fish tissue, but 

the form of mercury that accumulates in tissue is almost entirely methylmercury.  There are few sample data for 

methylmercury, however, so any analyses based only on existing data would need to focus on total mercury as a 

surrogate for methylmercury. 
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Ecologyôs Toxics Cleanup Program under the Model Toxics Control Act (MTCA) adopted a rule amendment4 for 

evaluating toxicity and carcinogenic risk for mixtures of dioxins/furans, cPAHs (carcinogenic PAHs), and PCBs 

when establishing cleanup levels based on a human health risk assessment.  The rule requires that mixtures of 

the compounds in these groups be considered as a single hazardous substance with respect to compliance with 

cleanup and remediation levels and consider the respective toxicity equivalency factor (TEF; for dioxins/furans 

and dioxin-like PCBs [Van den Berg et al., 2006]) and potency equivalency factor (PEF) for cPAHs5.  This rule 

also requires that cleanup levels consider impacts in a receiving medium based on the TEF concept and that ñthe 

congener-specific physical and chemical properties shall be considered during that assessment.ò  While the 

MTCA is not explicitly a surface water quality program its risk-assessment guidance is likely applicable to surface 

water quality targets under narrative water quality standards that state6: ñToxic substances shall not be introduced 

above natural background levels in waters of the state which have the potential either singularly or cumulatively to 

adversely affect characteristic water uses, cause acute or chronic toxicity to the most sensitive biota dependent 

upon those waters, or adversely affect public health, as determined by the department.ò  

1.1 PCBS 

The highest priority constituents for the PLA are the PCBs.  PCBs are of concern for both carcinogenic risk and 

non-carcinogenic toxicity.  Human health cancer risk is primarily driven by a small number of dioxin-like PCB 

congeners.  Washingtonôs water quality standards for PCBs are expressed as total PCBs (WAC 173-201A-240); 

however, a risk-based analysis based on TEFs may also be relevant under narrative water quality standards, as 

noted above.  The modeling may thus need to produce estimates of total PCBs for direct evaluation of attainment 

of numeric water quality criteria, but may also need to consider the TEF of dioxin-like PCBs in water and fish 

tissue, while taking into account the physical-chemical properties of individual congeners.  However, treating all 

209 PCB congeners as independent state variables is not feasible for this modeling project. 

Extensive data on PCBs ï primarily on PCBs in sediment and associated with solids in and around the LDW ï are 

available as a result of the CERCLA RI/FS process.  Approximately half of the available monitoring data on PCBs 

are resolved to the congener level, while the remainder are quantified as Aroclor7 equivalents (Aroclors are 

commercial mixtures of various PCB congeners, and the implications and usability of Aroclor-based quantitations 

are discussed further below). 

PCBs are a group of synthetic organic chemicals composed of two phenyl rings with varying numbers of chlorine 

atoms in various positions (a total of 209 congeners).  PCBs are generally oily liquids or solids.  PCBs do not 

break down easily and they can cycle between air, water, and soil, traveling long distances attached to particles.  

The more chlorine atoms the PCB contains, the more slowly it breaks down.  PCBs adsorb (stick) strongly to 

lipids and organic carbon in soil particles and are not usually carried through the soil by rainwater unless oils or 

solvents solubilize them.   

The behavior of individual PCBs in the environment is largely controlled by the degree to which it partitions 

between water and sorbents (represented by a partition coefficient that can be defined relative to soils (Kd), 

                                                      

 

4 WAC 170-340-708; see Washington Department of Ecology, October 12, 2007.  WSR 07-21-065, Order 06-10.  
http://apps.leg.wa.gov/documents/laws/wsr/2007/21/07-21-065.htm, accessed 5/25/15.   
5 Adopted by Cal EPA in 2005; Cal-EPAôs term ñPotency Equivalency Factorò is synonymous in concept to 
ñToxicity Equivalency Factorò and the two terms are used interchangeably here.  
6 WAC 173-201A-240, https://fortress.wa.gov/ecy/publications/documents/0610091.pdf, accessed 5/26/15. 
7 Aroclors were marketed in the United States under the trade name Aroclor by Monsanto (Solutia).  Specific 
Aroclors were developed by varying percentages of individual congeners in a mixture and named for the overall 
average degree of chlorination of the 12-carbon biphenyl molecules, i.e. a specific Aroclor, Aroclor 1260, has an 
average chlorination of 60%. 

http://apps.leg.wa.gov/documents/laws/wsr/2007/21/07-21-065.htm
https://fortress.wa.gov/ecy/publications/documents/0610091.pdf


Green/Duwamish River Watershed PLA ï Data Gaps and Pollutant Groupings  June 9, 2015 

 

 Tetra Tech 
 7  

organic carbon (Koc), or the solvent octanol (Kow)) and their solubility/volatility (represented by a Henryôs Law 

coefficient (He), defined here as the ratio of the equilibrium partial pressure of a chemical in the gas phase to the 

aqueous-phase concentration).  It has long been known that sorption and desorption of PCBs in the environment 

is a complex phenomenon including labile and recalcitrant components that operate at different rates and do not 

always fit assumptions of reversibility (e.g., Carroll et al., 1994); however, many simulation models assume 

instantaneous and reversible equilibrium sorption.  Although a simplification, examination of the environmental 

behavior of PCBs under steady-state equilibrium assumptions is a useful tool for examining the importance of 

likely fate and transport pathways.  Equilibrium partition coefficients and Henryôs law constants together with other 

fundamental chemical properties can be used to define where chemicals are likely to accumulate in the 

environment, an approach often referred to as fugacity models.  For instance, the Equilibrium Concentration 

(EQC) model is a screening tool that predicts the distribution of a chemical between soil, water, and air 

compartments in an idealized ñunit worldò based on these properties (Hughes et al., 2012), while the Quantitative 

Water Air Sediment Interaction (QWASI) model uses the same principles to predict the steady-state distribution of 

an organic chemical within a waterbody given assumptions about loading pathways (Mackay et al., 2014).  

Models such as this can potentially be used to evaluate the likely distribution of PCB congeners between 

sediment, water column, and air in the LDW.  A similar, but simpler steady-state budget model was earlier 

developed by Chapra (1991) and provides an easy mode of visualization of the medium in which the largest 

fraction of the mass of a given contaminant is most likely to be found (some mass can be present in all 

compartments).  Essentially, a mapping on logarithmic space defined by sorption (Koc times organic carbon 

concentration in the water column) and solubility/volatility (He) determines whether a given chemical will 

predominantly be found in the sediment, water column, or air.  Figure 1 shows a Chapra diagram for a range of 

lighter to heavier PCB congeners, along with 2,3,7,8-TCDD, at particulate organic carbon concentrations of 0.25 

and 5 mg/L using selected literature values for Koc (Environment Agency, 2008) and He (Sander, 2014) .  At 

higher organic carbon concentrations most PCBs and 2,3,7,8-TCDD are firmly in the ñsediment zoneò; while at 

low organic carbon concentrations some of the lighter PCBs (mostly mono- and di-chloro congeners) are found in 

the ñair zoneò, indicating that they will tend to volatilize.  None show a preference for the water zone, which is why 

PCBs are typically present in the water column at only a small fraction of the concentration in sediment. 

 

 

Figure 1.  Chapra diagram for distribution of a range of PCBs (blue dots) and 2,3,7,8-TCDD (yellow dot) 

 

Analyses of this sort suggest the feasibility of modeling individual PCB congeners.  There are, however, a number 

of caveats.  First, the analysis is based on steady-state assumptions of equilibrium, instantaneous, reversible 
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partitioning between solid and dissolved phases.  In the real world, equilibrium is fleeting and there is ample 

evidence of slow adjustment between compartments, variation in partitioning based on quality of the local solids 

or carbon, non-reversible sorption, and sorption to a third phase (dissolved, rather than particulate organic 

carbon).  This results in a situation in which effective partition coefficients at a given site can deviate by an order 

of magnitude from those reported in the literature or derived from octanol-water partitioning analyses, as was 

demonstrated in the Hudson River (Butcher et al., 1998).  For the LDW and Green River there is a lack of 

dissolved or pore water PCB analyses with which to estimate site-specific partitioning behavior (which may differ 

in the water column and sediment due to differences in the quality of sorbent).  There is also uncertainty in 

estimates for He; for instance, the inverse He values reported by Sander (2014) for the dioxin-like congener PCB-

126 range from 0.016 to 0.1 mol/(m3-Pa).  Thus, the ability to distinguish behavior of individual congeners in the 

environment may be somewhat illusory; however, lumping total PCBs together is also not satisfactory, given the 

wide range of variability in properties.  Within the previous Food Web Modeling, ambient PCB data was used to 

calculate an average concentration weighted Kow for total PCBs in order to examine tissue impacts associated 

with PCBs.  As a result of uncertainties in the Kow (varies over 3-4 order of magnitude for the full congener list), 

the Food Web Modeling contained large uncertainty in the predicted water column concentration and tissue 

concentration in future scenarios.  Reducing the uncertainty would require modeling that reflects the range of 

chemical properties of the individual congeners by simulating PCBs as a mixture of congeners or groups of 

congeners with similar properties. 

In sum, simulation of PCBs as a single constituent is not recommended because of the wide range of variability in 

fundamental properties exhibited by individual PCB congeners.  There is a potentially significant data gap for 

simulation of PCBs in the LDW due to the lack of information on site-specific partitioning behavior.  To fully 

determine appropriate site-specific partition coefficients for PCB congeners or groups, split sample analysis of 

whole water and filtered PCB concentrations in the water column and bulk sediment and pore water 

concentrations in the sediment would be needed. 

Toxicity is also variable among congeners.  The World Health Organization established Toxicity Equivalency 

Factors (TEFs) for 12 dioxin-like PCBs for human exposures (Table 2) that reflects the their toxicity relative to 

2,3,7,8-TCDD.  Considering these congeners permits a calculation of the overall toxicity related to the most toxic 

PCB in water and sediments.  The most toxic congeners are PCB-126 and PCB-169.  TEQs calculated for the 

sediments in the RI (Table 4-25 of the RI) for the LDW indicated that PCB-126 (3,3ô,4,4ô,5-pentachlorobiphenyl) 

contributed to over 50% of the Total PCB TEF, followed by other penta- and hexa-homolog members (PCB-105, 

PCB-118, and PCB 156; PCB-169 was not calculated). 

Table 2.  Dioxin-like PCB congeners with established TEFs (van den Berg et al., 2006) 

Chemical Structure  IUPAC Number  TEF 

3,3',4,4'-TeCB  PCB-77 0.0001 

3,4,4',5-TeCB  PCB-81 0.0003 

2,3,3',4,4'-PeCB  PCB-105  0.00003 

2,3,4,4',5-PeCB  PCB-114 0.00003 

2,3',4,4',5-PeCB  PCB-118 0.00003 

2',3,4,4',5-PeCB  PCB-123 0.00003 

3,3',4,4',5-PeCB  PCB-126 0.1 
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Chemical Structure  IUPAC Number  TEF 

2,3,3',4,4',5-HxCB  PCB-156  0.00003 

2,3,3',4,4',5'-HxCB  PCB-157  0.00003 

2,3',4,4',5,5'-HxCB  PCB-167  0.00003 

3,3',4,4',5,5'-HxCB  PCB-169  0.03 

2,3,3',4,4',5,5'-HpCB  PCB-189  0.00003 

 

One approach for recognizing the variability of individual congener properties and reducing the complexity of 

modeling PCBs is to examine homolog groups.  The homolog groups (mono- through decachlorobiphenyls) are 

identified by the number of chlorine atoms attached to the biphenyl structure.  For the homolog groups, the boiling 

point, log Kow, and bioconcentration factors generally increase by 1.6X, 4000X, and 4000X, respectively, per unit 

increase in the chlorine content.  Vapor pressure, solubility in water, and volatilization show a corresponding 

decrease by 6, 4, and 7 orders of magnitude.  The toxicity analysis can generally be based on a ratio to total 

penta- and hexachlorobiphenyls, as shown above.  Further, the high degree of variability and uncertainty in 

sorption and Henryôs law coefficients for a single congener suggests that little precision would be lost by lumping 

homologs. 

It is likely not necessary to model all ten PCB homolog groups.  The PCBs in the Delaware River were modeled 

using a four-homolog model of tetra-PCB, penta-PCB, hexa-PCB, and hepta-PCBs to support a TMDL for PCBs 

in the estuary (Suk and Fikslin, 2011).  Results of the modeling were in general agreement with observed values 

for water column and sediment total PCBs (primarily more highly chlorinated congeners in this system) based on 

spatial, bivariate, and cumulative frequency distribution plots.  Hindcast simulations indicated a reasonable 

prediction of water column, sediment, and fish tissue total PCB concentrations, in addition to the homolog groups.  

Based on the success, the homolog approach should be considered for the Duwamish Waterway and Green 

River.   

The Delaware River approach would not yield an estimate of total PCBs if congeners outside the tetra through 

heptachlorobiphenyl range are present in significant amounts.  For modeling the Hudson River PCBs Superfund 

site, the HUDTOX model (TAMS, 2000) was calibrated for four different forms of PCBs: total PCBs, Tri+, BZ#4, 

and BZ#52.  The calibration focused on Tri+ PCBs, while total PCBs used KOC and He coefficients estimated as 

weighted averages across the congeners present, stating ñThis was a consideration in deciding not to calibrate to 

total PCB concentrations, but rather to focus the calibration on Tri+éò 

Various other TMDLs have worked only with total PCBs.  The San Francisco Bay PCBs TMDL (San Francisco 

RWQCB) is based on total PCBs to reflect EPA recommendations on water quality criteria for both aquatic life 

and human health and does not directly address TEF-based health risk.  The Staff Report goes on to 

acknowledge some of the problems inherent in this approach: ñThis is a broad designation of total PCBs that can 

introduce data comparability issues.  However, for the purpose of estimating PCBs loads, sources and reservoirs, 

the introduced error will likely be small compared to the range of PCBs concentrations found in the Bayé  We 

recommend that ongoing PCBs data collection activities in the Bay analyze for a suite of congenerséò 

Notably, the San Francisco Bay effort used only a simple box model of PCB fate and transport that treats the 

entire Bay as a single box and uses typical rates of sorption and volatilization for all PCB congeners. 

The Los Angeles Harbor TMDL for PCBs, PAHs, and other organic constituents (Los Angeles RWQCB, 2011) 

utilized a complex set of linked fate and transport models, but represented PCBs and PAHs only as totals.  

Equilibrium partition coefficients for total PCBs and total PAHs in sediment were estimated based on 
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contemporaneous measurements in surface sediment and overlying water.  These partition coefficients were 

highly uncertain, and ñno functional dependence of the partition coefficients on sediment concentration and 

organic carbon is observedò ï possibly because total PCBs and total PAHs constitute mixtures with wide ranges 

of partitioning behavior for individual constituents. 

Thus, both the San Francisco and Los Angeles Harbor TMDLs used simplistic approaches based on total PCBs.  

This approach was adopted in part due to limited congener data; however, in both cases treating these mixtures 

as single compounds introduces significant uncertainty into the analysis and is not recommended for the LDW. 

Total PCBs is the sum of all measured PCB congeners and represents the entire PCB mass.  Tri+ represents the 

sum of the trichloro- through decachlorobiphenyl homolog groups.  This allowed for the comparison of data that 

was analyzed by congener-specific methods with data analyzed by packed column methods that did not separate 

the various PCBs as well and did not measure many of the mono- and dichlorobiphenyls.  Therefore, use of the 

operationally defined Tri+ term allowed for a consistent basis for comparison over the entire period for which 

historical data were available.  BZ#4 is a dichloro congener that represents a final product of PCB dechlorination 

in the sediments.  In addition, the physical and chemical properties of BZ#4 are different from the other forms of 

PCBs (e.g., it is more soluble and has a lower partitioning coefficient), which adds to the rigor of the calibration.  

BZ#52 is a tetrachlorobiphenyl that was selected as a normalizing parameter for congener patterns based on its 

presence in Aroclor 1242, the main Aroclor used by General Electric at the Hudson River capacitor plants, and 

due to its resistance to degradation or dechlorination in the environment.  In the LDW, the dominant Aroclors are 

1254 and 1260, which are heavier than those that predominate in the Hudson and contain a relatively small 

fraction of BZ#52.  Therefore, another congener would be needed for application of this approach in the LDW. 

For surface sediment in the LDW, most PCB analyses are reported as Aroclor equivalents, with less frequent 

analysis to the congener level from which homologs may be inferred (see below,Table 6).  More than half of the 

congener and Aroclor values are above the detection limit. There are only limited data in the water column of the 

LDW and Green River (see below, Table 5).  Less than half of the congener and Aroclor values are above the 

detection limit.  Use of Aroclor data is somewhat problematic for weathered environmental samples, although still 

potentially useful.  While the original congeners of Aroclor-1260, for example, are present in approximate ratios 

(or percentages), once released to the environment, shifts may occur in the ratios of congeners present in an 

environmental sample.  While the presence of a high number of samples with values below detection limits 

represents a limitation, the measurements still provide useful information about where PCBs are known to have 

low levels. 

Each of the specific Aroclors vary considerably in the amounts of specific congeners present in the formulation 

(Figure 2).  Higher Aroclors numbers (Aroclor 1260 vs. Aroclor 1242) are weighted toward more chlorination and 

higher number congeners while lesser chlorinated Aroclors (Figure 2) tend to contain the lower number 

congeners.  The distribution of specific congeners in parent product (Aroclor 1248 or 1262, for example) is used 

to estimate specific Aroclors in environmental samples; however, the mixture of congeners in the environment 

rarely represents a single or mixture of pure Aroclors. 
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Figure 2.  The weight percentage of specific congeners in the various Aroclor formulations (Aroclor 1242 

through 1268; Frame et al., 1996) 

 

Using approved analytical methods, analytical chemists base their determination of PCBs in samples as specific 

Aroclors, i.e., Aroclor-1242 or Aroclor-1260, on comparisons of chromatograms of pure product to chromatograms 

of the sample.  A problem occurs because the process of weathering, including biodegradation and differential 

solubility and volatility, alters the initial congener pattern of the Aroclor.  Also, different lots of the same Aroclor 

(e.g., 1254) displayed markedly different proportions of congeners (Frame et al. 1996).  Therefore, estimating the 

volume of an Aroclor based on primary chromatogram peaks may misrepresent the actual mass of PCBs.  

Ecology (2014) has undertaken method comparisons and found that Aroclor measurements generally under-

estimate the total mass by PCB congeners (Figure 3). 
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Figure 3.  Total PCBs by high resolution congeners and Aroclor analyses 

 

1.2 PAHS 

Polycyclic aromatic hydrocarbons (PAHs) consist of two or more benzene rings fused by sharing carbon atoms.  

They are neutral, non-polar compounds, hydrophobic and considered to be widespread in soil and sediments and 

are primarily generated by combustion processes.  Only a selected set of carcinogenic PAHs (cPAHs) are 

candidates for modeling in this study.  Quantifying only the cPAHs will not provide an estimate of total PAHs, but 

will provide what is needed for TEQ evaluation of PAH human-health risk.  The cPAHs specified (Table 1) are 

generally those with higher molecular weight. 

As with mixtures of PCBs, the individual compounds or those comprising the mixture vary in their physical and 

chemical properties.  In general, for PAHs, increased molecular weight results in decreased solubility in water, 

increased partitioning and lower volatilization; for example, water solubility decreases by a factor of 10 for each 

aromatic ring added to the chemical structure.  PAHs can be grouped into four useful groups based on properties 

or toxicity and include 1) carcinogenic PAHs, 2) high molecular weight PAHs (non-carcinogenic), 3) low molecular 

weight PAHs, and 4) alkalated PAHs.  Alkalated PAHs are less understood and characterized in the LDW and 

much less so in the Green River watershed.  The alkalated PAHs are often more persistent than the parent 

compound, less soluble, bioaccumulate to a greater degree, and show greater adsorption to sediment organic 

matter. 

As with PCBs, PAHs can be characterized in terms of their partition coefficients and Henryôs Law constants.  A 

Chapra diagram for a few PAHs (Figure 4) shows that the heavier PAHs are strongly associated with sediment 

when sufficient organic carbon is present; however, the lightest, 2-ring PAHs are more volatile and tend to be lost 

to the air.  The cPAHs are all in the heavier category. 
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Figure 4.  Chapra diagram for PAHs 

 

Effective partition coefficients for PAHs are highly variable which leads to model uncertainty when trying to group 

dissimilar PAHs for modeling.  In one study, the measured partition coefficients of PAHs (naphthalene, 

phenanthrene, and pyrene) were all different from each other, but individually invariable for different types of 

ñclean soilsò or ñclean sedimentò (Chiou et al., 1998).  In another study, it was noted that the Koc for sediments 

were twice that of soils.  Additionally, higher Koc values were observed in coastal sediments contaminated in 

aromatic-rich wastes due to increased partitioning to sediment organic matter with a greater aromatic ring content.  

As with PCBs, the variability of the Koc between sediment types and between different PAHs points to a need for a 

site-specific determination of the KOCs for individual PAHs to support modeling and analysis.  Also as for PCBs, 

lack of paired data on dissolved and sorbed concentrations of PAHs is a data gap at this time. 

Industrial urban waterways, such as the Duwamish Waterway, often will contain anthropogenic carbon in addition 

to naturally-occurring organic carbon, such that use of literature values for predicting partitioning and pore water 

concentrations will be highly variable (1-2 log units) and overestimate the impacts to benthic organisms (Geiger, 

2010).  USEPA (2009) suggested that equilibrium partitioning assumptions fail to accurately predict pore-water 

concentrations of PAHs in systems containing ñblack carbonò (BC) or ñsoot carbonò in addition to the naturally 

occurring carbon because soot carbon more effectively binds the PAHs.  It was determined in a study of Boston 

Harbor (Accardi-Dey and Gschwend, 2002) that black carbon acts in conjunction with natural organic matter 

(NOM) to determine the overall adsorption of PAHs in sediments and that black carbon may explain the 

observation of non-linear isotherms for adsorption and bioavailability discrepancies when comparing literature to 

field studies.  Reinterpretation of previous literature datasets showed that a combined black carbon and 

biogenic/diagenic organic carbon (OC) sorbents can account for sediment-pore water distribution observed in the 

field and that, to best describe PAH adsorption, three sorbate parameters (Koc, KBC, and n; black carbon 

distribution coefficient, organic carbon distribution coefficient, and Freundlich exponent) and two sorbent 

parameters (fOC and fBC; fraction organic carbon and fraction black carbon) were needed (Accardi-Dey and 

Gschwend, 2003).  Black carbon concentrations have also tended to vary in time, with concentrations declining in 

the Seattle area as higher efficiency standards are implemented for trucks and diesel fuels (e.g., pscleanair, 

2013).  Characterization of the sorbents within the sediment of the Duwamish Waterway, in particular with respect 

to black carbon, may be needed to develop a solid modeling framework for individual PAHs in the LDW and is 

identified as a potential data gap. 

In a fully resolved model of cPAHs in the Green-Duwamish system it would be important to apply site-specific 

knowledge of partitioning and pore-water concentrations to evaluate adverse impacts to aquatic organics and to 

carry this information forward in the modeling activity (USEPA, 2003).  Monitoring data, however, focus on the 

-4

-3

-2

-1

0

1

2

-8 -7 -6 -5 -4 -3 -2 -1 0

lo
g

 (
K

o
c 

O
C

)

log (He)

PAHs, OC = 0.25 mg/L

2-ring

-4

-3

-2

-1

0

1

2

-8 -7 -6 -5 -4 -3 -2 -1 0

lo
g

 (
K

o
c 

O
C

)

log (He)

PAHs, OC = 5 mg/L

2-ring

4-5 ring



Green/Duwamish River Watershed PLA ï Data Gaps and Pollutant Groupings  June 9, 2015 

 

 Tetra Tech 
 14  

total concentration of PAHs in sediment and do not, at this time, provide a sufficient basis for determining site 

specific partitioning coefficients of cPAHs in the LDW.  Without additional site-specific studies on both PAHs and 

sorbents, it would be most appropriate to model the heavy cPAHs as one group with approximated 

characteristics.  Prior to making this decision, however, analysis should be undertaken to evaluate whether there 

are significant differences among the ratios of different cPAHs in different locations and media in the watershed. 

1.3 DIOXINS/FURANS 

Dioxins and furans were suggested for modeling, but initial recommendations from Ecology to the TAC 

recommended only one dioxin, 2,3,7,8-TCDD, for modeling.  This dioxin congener and 1,2,3,7,8-PCDD have the 

highest TEFs and generally account for the majority of the cancer potency of dioxins/furan mixtures.  Therefore, it 

was suggested that 2,3,7,8-TCDD could serve as a surrogate for total dioxin/furan risk.  A moderate amount of 

data has been collected for dioxins/furans, although not nearly as much as for PCB congeners.  The RI/FS 

database contains 370 dioxin/furan samples, of which 188 are surface sediment grabs and most of the remainder 

from banks, catch basins, and stormwater solids traps; however, there were no water column samples of 

dioxins/furans collected for the RI/FS.  More recent data collection has included some additional sediment 

samples along with tissue and water samples and these efforts are ongoing; however, as of April 2015, Ecologyôs 

Environmental Information Management (EIM) system contained only 7 surface water and 21 tissue samples for 

dioxins/furans.  There is thus a significant question as to whether currently available data are sufficient to develop 

a credible model of these constituents. 

The physical behavior of 2,3,7,8-TCDD and 1,2,3,7,8-PCDD in the environment is very similar to that of higher 

molecular weight PCBs (see Figure 1).  Given the uncertainties and lack of site-specific data to constrain partition 

coefficients and Henryôs law constants, it may be reasonable to model these dioxins using the same parameter 

set as specified for tetra- through hepta-PCB homologs.  A data evaluation needs to be conducted to evaluate the 

ratio of 2,3,7,8-TCDD and 1,2,3,7,8-PCDD to one another and to PCB homologs in the tetra through heptachloro 

range.  If the ratios are approximately stable, the PCB homolog groups could be used as a surrogate for dioxin 

TEFs, with an appropriate multiplier.  If not, 2,3,7,8-TCDD and 1,2,3,7,8-PCDD could be represented as one joint 

or two separate state variables with different source terms, but specified with the same environmental parameters 

as similar-weight PCBs. 

1.4 PHTHALATES 

Only one phthalate ï bis-2EH-phthalate or DEHP ï was identified in Ecologyôs presentation to the TAC as a 

candidate for modeling.  DEHP has relatively low partition coefficients and Henryôs Law constants compared to 

PCBs and PAHs (using selected literature values for Koc (Environment Agency, 2008) and He (Sander, 2014)) 

and consistently falls into the Water zone on a Chapra diagram ï indicating that the water component of the mass 

balance is much more important for this pollutant.  The different solubility characteristics of DEHP also indicate 

that it should be modeled as a separate state variable and that none of the other contaminants of concern 

provides a reasonable surrogate. 

1.5 INORGANICS 

Priorities four, six, seven, and eight on the list of recommended chemicals for modeling (Table 1) are arsenic, 

copper, zinc, and mercury.  As inorganics, these compounds are present in ionic form, unlike the non-polar PCBs 

and PAHs, and thus have very different partitioning behavior.  Both arsenic and mercury form significant amounts 

of organic compounds, but it is only in the case of methylmercury that the organic form is a major contributor to 

toxicity. 

A full simulation of all aspects of metal chemistry would require a full ionic balance simulation and consideration of 

soluble and insoluble complexes ï chemistry that is not usually incorporated into the LSPC and EFDC models, 
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though the MDAS add-on to LSPC addresses metal speciation.  Notably, no data on methylmercury 

concentrations appear to be available.  Without additional tools or data to support an alternative approach, the 

inorganics are likely best approximated in this system in a simplified manner without detailed representation of 

chemical kinetics in model simulations. 

Previous simulation work in the LDW by King County and in Puget Sound has simulated total metals.  The 

dissolved form is most relevant to toxicity.  One intermediate level alternative would be to simulate the dissolved 

fraction based on simplified partition coefficients developed by EPA for the Metals Translator (USEPA, 1996).  An 

approximate partition coefficient to particulate matter (KP, L/kg) is represented in the following form: 

KP = KPO · TSSŬ, 

where TSS is in mg/L and KPO and Ŭ are metals-specific coefficients. 

EPA provides a table of default values, but recommends deriving translators based on site-specific data on 

dissolved and total metals.  Sufficient dissolved metals data appear to be available to do site-specific fitting of the 

metals partitioning and dissolved fraction parameters.  It would be a relatively simple matter to modify both EFDC 

and LSPC to represent partitioning in this fashion and this modification to the code is recommended. 

1.6 SUMMARY OF KEY KNOWLEDGE GAPS FOR CANDIDATE 
POLLUTANTS 

As noted above, there are specific knowledge gaps for all of the tentatively selected pollutants.  The key 

knowledge gaps, options to address these gaps, and recommendations for selecting among the options are 

presented in Table 3.  

Table 3.  Summary of knowledge gaps and options for candidate pollutants 

Knowledge Gap Options and Recommendations 

There is a lack of paired 
filtered/unfiltered data for site-specific 
determination of partition coefficients 
for PCBs, PAHs, dioxin/furans, and 
phthalates in both the water column 
and the sediments. 

Options: 

1. Use literature values that may not reflect local conditions. 

2. Collect paired data to evaluate coefficients and improve accuracy 

Recommendation: Team should consider Option 2. 

No data are currently available to 
directly constrain rates of exchange 
from the sediment into the water 
column of non-polar organic pollutants 
(PCBs, dioxin/furans, PAHs, 
phthalates), which may be enhanced 
above typical diffusion rates by 
biological action. 

Options: 

1. Treat exchange rates as calibration parameter. 

2. Constrain rates based on field evidence. 

Recommendation:  Ongoing work by MIT for USACE may provide field data for the 
LDW, enabling use of Option 2. 

Data for PCBs reported as Aroclors is 
problematic for comparison to 
congeners and homologs due to 
changes in composition from 
differential weathering.  This creates 
uncertainty in estimating total PCBs as 
well as the concentration of individual 
congeners with high TEFs. 

Options: 

1. Use Aroclor data only, providing a consistent basis for analysis. 

2. Assume unaltered Aroclors to interpret congener concentrations and total 
PCBs from Aroclors; combine with congener data. 

3. Use samples analyzed for both Aroclors and congeners to evaluate site-
specific relationships between environmentally altered Aroclors and 
congeners in the LDW. 

Recommendation:  Option 3 is preferable for accurate analysis of PCBs. This takes 
advantage of available data and allows better specification of kinetic parameters. 
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Knowledge Gap Options and Recommendations 

Dioxin/furan data are limited, with few 
water column and biological samples 
available at this time. 

Options: 

1. Simulate behavior of selected dioxins/furans using available data and 
literature coefficients. 

2. Delay simulation of dioxins/furans until ongoing data collection efforts 
produce sufficient information to calibrate a model. 

Recommendation:  Option 2.  The same simulation framework employed for PCBs 
can be used for dioxins/furans once additional monitoring data are available. 

For mercury, there is a lack of 
methylmercury data as well as 
information on factors that influence 
methylation (redox, sulfate balance). 

Options: 

1. Simulate total mercury only. 

2. Attempt to simulate mercury methylation using literature values. 

3. Collect methylmercury data to support modeling. 

Recommendation: Option 3 is preferable if mercury is to be modeled; however, 
lack of data suggests that mercury should not be modeled at this time (see below). 

For copper, zinc, and arsenic, the 
information on competing common 
ions and chemical conditions appears 
insufficient for a full analysis of solid 
and aqueous speciation incomplete to 
support redox chemistry. 

Options: 

1. Simulate ionic metals as general quality constituents that can deposit to or 
erode from the sediment but are otherwise conservative. 

2. Represent ionic metals partitioning to solids and solubility using the 
method recommended by USEPA (1996); modify EFDC and LSPC model 
codes to represent this behavior. 

3. Collect additional data and develop a detailed geochemical simulation. 

Recommendation: Option 2 appears to be the most feasible alternative for copper 
and zinc.  Option 1 should be sufficient for arsenic. 

 

The knowledge gaps summarized in Table 3 together with the discussions presented earlier in this section in turn 

have implications regarding the specific constituents that can or should be simulated in the model.  The candidate 

chemicals from Table 1 are revisited in Table 4. 

Table 4.  Recommendations on chemicals and groupings for modeling 

Parameter Issues Recommendation 

PCBs Group of 209 congeners with a wide range of chemical 
properties.  Simulating total PCBs as a single state 
variable will lead to inaccuracies, but it is not feasible to 
simulate 209 congeners individually. 

Simulate a reduced set of PCB homolog 
groups (fate and transport and food web 
models). 

Carcinogenic PAHs Group of 8 chemicals with differing properties. The cPAHs can likely be simulated as a 
group with approximated 
characteristics; however, further data 
analysis is necessary to make a final 
decision (fate and transport and food 
web models). 

Dioxins/Furans Data are limited; simulating only 2,3,7,8-TCDD will not 
represent full toxic potential associated with this group. 

Delay modeling until additional data are 
collected.  (Model structure for PCBs 
will also work for dioxins/furans.) 
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Parameter Issues Recommendation 

Arsenic (inorganic) Determination of natural background concentrations may 
be an issue. 

Simulate inorganic arsenic only using a 
simplified mass balance approach (fate 
and transport only) 

Phthalates DEHP was suggested as a surrogate for other 
phthalates. 

Simulate DEHP.  Use as a surrogate 
appears reasonable (fate and transport 
and food web models) 

Copper Aquatic toxicity evaluation requires dissolved 
concentration. 

Simulate dissolved and sorbed 
inorganic forms using USEPA (1996) 
methods adjusted to local data (fate and 
transport only). 

Zinc Aquatic toxicity evaluation requires dissolved 
concentration. 

Simulate dissolved and sorbed 
inorganic forms using USEPA (1996) 
methods adjusted to local data (fate and 
transport only). 

Mercury Lack of data for methylmercury hampers evaluation of 
risk and bioconcentration potential. 

Do not model mercury at this time. 

 

2.0 LOWER DUWAMISH WATERWAY 

An informational basis for the current model planning effort is supplied in the extensive reports, data collection, 

data analysis, and modeling work undertaken as part of the Superfund investigation of the LDW. A summary of 

this effort and conclusions that can be drawn are provided, forming a foundation for analysis of data and 

knowledge gaps relevant to the PLA. 

2.1 RI AND FS SUMMARY 

The Remedial Investigation or RI (Windward, LLC, 2010) reports on data collected through October 2006 and 

available as of 2008.  Among other things it contains an extensive review of the nature and extent of 

contamination (Section 4), an evaluation of sediment dynamics and development of a sediment transport model 

(Section 3), a discussion of ñbackgroundò concentrations present outside the LDW (Section 7), and an analysis of 

potential pathways and sources (Section 9).  A FWM is documented in an Appendix.  The focus of the RI is to a 

large extent on sediment because the parameters addressed have low solubility and a high affinity for sediment; 

thus, stores and movement are largely controlled by sediment dynamics.  Additional investigations are reported in 

the Feasibility Study or FS (AECOM, 2012), which also reports on the modeling.  The FS supplements the RI 

dataset by adding samples collected through April 2010 ï primarily 174 surface sediment and 509 subsurface 

sediment samples, along with 2006-2007 tissue data 

The RI addresses multiple chemicals of concern (COCs).  The ecological risk assessment identified PCBs, 

cadmium, chromium, copper, lead, mercury, and vanadium as COCs and identified 41 COCs that were toxic to 

benthic invertebrates based on exceedance of the Washington State SMS SQS values.  The human health risk 

assessment identified 19 COCs, but concluded that the major risk drivers were PCBs, arsenic, cPAHs, and 

dioxins/furans.  The report focuses on these major risk drivers. 

The RI provides a comprehensive analysis of the distribution of these COCs, especially in sediment and fish 

tissue within the LDW, as of 2007.  It also presents surface sediment data from areas outside of the LDW 

including Green River data upstream of the LDW and sediment data from urban bays and lakes, subsurface 
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sediment data from the Upper Turning Basin, suspended solids data from upstream of the LDW, and data from a 

variety of pathways and sources studies.  Some important conclusions from the RI relative to are: 

¶ The primary risk drivers are associated with legacy releases of chemicals into the environment from a 

diverse array of individual sources, resulting in large storages of COCs in the sediment of the LDW.  The 

presence of many different sources results in a high degree of heterogeneity in sediment concentrations. 

¶ While extensive work has enabled a good characterization of the distribution of COCs in the sediment as 

of 2007 it is also clear that the distribution of both sediment stores and upland sources changes over 

time, due both to environmental processes and ongoing remediation and cleanup activities.  The shifting 

temporal character of the system will present challenges to modeling.  Differences between 2007 and 

current conditions will be especially important to consider. 

¶ Water column data (both total and sediment-sorbed) are relatively sparse and the COCs have low 

solubility and are mostly associated with sediment.  This will pose challenges for calibrating a water 

quality fate and transport model. 

¶ Residual sources within the storm sewer and combined sewer drainage are extremely heterogeneous 

and only incompletely characterized (as of 2007), creating a significant challenge for modeling chemical 

loads.  A more feasible goal for watershed modeling may be to characterize flow and solids movement 

from source areas that can then be associated with site-specific information on COC concentrations, 

when available. 

The most extensive data exist for sediment, with a significant amount of tissue samples as well.  In contrast, 

surface water data available to the RI were limited, consisting of three sampling events conducted for the King 

County water quality assessment in 1996 and 1997 and during an additional sampling event in 2005.  Because 

the primary risk drivers are high molecular weight, low solubility organic compounds, concentrations in sediment 

and tissue are expected to be much higher than in the water column, leading to this focus on sediment and tissue 

samples.  However, a surface water quality modeling effort will need more information on water column 

concentrations, which has been remedied to some extent in sampling since the RI.  Other, more specialized 

sampling campaigns addressed pore water and seep water concentrations for many COCs ï although the pore 

water samples were not analyzed for PCBs, resulting in a gap in data for estimating site-specific partition 

coefficients. 

PCB data are discussed in detail in Section 4.2.3 of the RI.  The greatest focus is on surface sediment 

concentrations, and spatial interpolation methods were used to estimate a complete map of total PCB distribution 

in the LDW, as well as changes over time at resampled locations.  Sample analyses are about evenly split 

between full congener determinations and analysis as Aroclor equivalents.  The RI discusses the comparability of 

these measures, and further information is available in an Ecology (2014) study.  The limited surface water data 

confirm low concentrations of total PCBs, ranging from 0.1 to about 3 ng/L.   

Section 4.2.4 of the RI summarizes arsenic data.  As with PCBs, arsenic is well characterized in the sediment and 

tissue; in contrast to PCBs, dissolved and total arsenic were hundreds of water samples collected in 1996-1997. 

PAHs (4.2.5) and BEHP (4.2.6) are also well characterized in LDW sediment and tissue (but not pore water), and 

had only limited data for surface water concentrations, with low rates of detection in those surface water samples 

that are available.  For both COCs there are over 800 samples meeting DQOs in surface sediment.  In contrast, 

only 54 sediment samples and no surface water samples were available for dioxins/furans at the time of the RI 

(4.2.7). 

Metals are discussed as a group in Section 4.2.6 of the RI.  There is not a particular focus on mercury (which has 

been proposed for the surface water modeling), but mercury was detected in 746 out of 868 sediment samples 

and maps of the distribution of all metals in surface sediment are provided.  The tissue analyses for mercury also 

appear to provide decent coverage.  Only a small number of surface water samples had been analyzed for 

mercury.  One important gap is that it does not appear that analyses were available for methylated mercury, 

which is the bioaccumulatable form. 
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The Upper Turning Basin is frequently dredged and sediment quality there is based on core data collected by 

USACE for dredged material characterization.  This is an area in which much of the coarser sediment load from 

the Green River settles out and must be frequently dredged, so these cores likely provide an integrative measure 

of upstream sources over time. 

Data on both sediments or solids from RM 5 to RM 7 were compiled for total PCBs, arsenic, cPAHs, and 

dioxins/furans to assess the quality of sediment potentially being transported into the LDW.  There were on the 

order of 55 bedded sediment and 20 or so suspended solids samples for most of these constituents, except that 

there were only 4 bedded sediment and no suspended solids samples for dioxins/furans.  An Ecology bedded 

sediment study from RM 4.9 to RM 6.5 is noted, but was not received in time for inclusion in the RI.  The section 

does discuss 21 King County unfiltered water samples collected from the Green River at Fort Dent and in 2005 

and 2007/8, along with Duwamish River at E. Marginal Way S. in 2007/8, and analyzed for PCB congeners.  

Arsenic data are available for these dates as well as from 2001-2003 samples (2001-2003 analyses for Aroclors 

at the same location had detection limits too high to be useful).  The 2007/8 analyses included unfiltered cPAHs 

as well.  Total PCB concentrations at Fort Dent varied from 0.04 ng/L to 2.4 ng/L while cPAHs varied from 0.05 to 

3.4 ng/L, with higher concentrations during storm events. 

The discussion of contaminant concentrations associated with upstream solids is in Section 5.2.3.1 and Appendix 

C, Part 3 of the FS.  An issue worth noting is that the FS focuses almost exclusively on contaminant 

concentrations in sediment, whereas the upstream King County data are whole water samples.  These data ñwere 

normalized to the value of the concurrently collected TSSò, equivalent to an assumption that 100 percent of the 

contaminant mass is present in sorbed form, which is a reasonable and conservative approximation relative to 

recontamination potential of LDW sediments.  The FS also uses USACE core data from the Upper Turning Basin 

as an indicator of the concentrations of PCBs and cPAHs on upstream inputs of suspended sediment.  This 

approach might under-estimate upstream inputs, as it is likely that the concentrations of hydrophobic 

contaminants are higher on fine and organic solids, whereas deposition in the Turning Basin is preferentially 

shifted toward the coarser sediment fraction.  Normalization of observed concentrations on sediment to organic 

carbon content may be preferable as a means of estimating the upstream sediment-bound load. 

Section 7.3 of the RI summarizes urban background sediment data ñfor context,ò and focuses on surface 

sediment data from various urban bays and lakes outside the LDW.  This is potentially useful for establishing 

general rates of urban loading in the watershed model. 

Section 9 of the RI summarizes potential ongoing sources that could lead to sediment recontamination following 

cleanup of the LDW.  These are identified as atmospheric deposition, upstream surface water inputs from the 

Green River, direct discharges to the LDW including CSOs and storm drains, ground water, bank erosion, and 

waterway activities in the LDW.  Each of these potential source categories is analyzed in detail, providing 

important information on the state of knowledge and data as of 2007. 

Atmospheric deposition (RI 9.4.2) is characterized based on a number of studies, most notably the two phases of 

King County data collection.  Additional data are available since the RI, and these fluxes should be relatively well 

constrained.  In contrast, upstream surface water inputs from the Green River (9.4.3) are relatively poorly 

constrained, but are not believed to be a significant recontamination risk. 

Direct discharges to the LDW (RI 9.4.4 and FS 2.3.3.2) include both CSOs (with emergency overflows) and both 

public and private separate storm sewer discharges (the latter are about 24% and 15% of the drainage area, 

respectively, according to FS).  It is noted that annual stormwater discharge volume are usually substantially 

higher than CSO volumes (estimated at 4,000 MG/yr for stormwater versus 75 MG/yr for CSOs).  There are some 

1990s whole-water samples from two CSOs, but PCBs were not detected, likely due to detection limits.  A more 

extensive body of data is available from sampling of accumulated solids in 245 storm water catch basins from 

2002 ï 2007.  These show the presence of COCs and their concentration in solids, but do not directly measure 

loading rates.  The STM estimated lateral loads to the LDW from storm drains by combining HSPF unit-area 

simulations of flow with average TSS concentration by land use estimated from 24 locations in Seattle, Bellevue, 
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Tacoma, Issaquah, and Everett.  These lateral load estimates were subsequently updated for the FS and 

described in Appendix C, Part 4, Scenario 2.  The TSS load estimates allow estimation of COC loading. 

Groundwater concentration data are available for a number of studies (RI section 9.4.6) and vary significantly by 

facility.  The heterogeneous nature of these concentrations will be challenging to incorporate into a watershed 

model.  It will also be important to assure that the water balance division between surface and subsurface flows is 

accurately represented.  The FS notes that the potential for groundwater transport of COCs will be further 

assessed as part of Ecologyôs ongoing remedial investigations. 

Two additional significant sources are identified within the LDW.  One is bank erosion of contaminated soils and 

sediments, which appears to be significant despite extensive armoring of the bank.  Characterization of erodible 

material is required at sites where bank construction or remediation is planned.  High concentrations are present 

at some of these sites, but they are also highly heterogeneous so it will be difficult to establish a full 

characterization for modeling.  Finally, routine waterway activities including dredging, in-water structure 

maintenance, and propeller wash all contribute to resuspension of material stored in the bed of the LDW. 

The multiple sources and the highly variable levels of contamination, will present a challenge for watershed 

modeling.  Further information on these issues is being developed as part of Ecologyôs source control strategy for 

the LDW.  In this process, Ecology identifies priority areas through a tiered process and develops ñsummary of 

existing information and data gaps reports.ò  Ecology had developed and published data gaps reports and Source 

Control Action Plans (SCAPs) for the 24 priority areas adjacent to the LDW.  While this type of information is of 

high value, the number and complexity of sites will make it challenging to incorporate into a watershed-scale 

model. 

The modeling described in the RI/FS consists of a hydrodynamic/sediment transport model (STM; QEA, 2008) 

and a FWM.  The STM is used to predict changes in sediment concentration by combining it with estimates of 

contaminant concentrations that enter the LDW from upstream and from lateral flows.  The LDW was determined 

to be net depositional and risk pathways are assumed to be controlled by sediment concentrations. 

The predicted contaminant concentration in the sediments is estimated via an accounting tool referred to as the 

Bed Composition Model (BCM; FS 5.2) that combines EFDC estimates of sediment flux and deposition with 

assumptions about contaminant concentrations on incoming sediment.  The BCM assumes that all contaminants 

are strongly bound to sediment particles and that there are no mass losses due to degradation or volatilization, 

nor any transfer from suspended sediments to the water column (note that a constant flux velocity of pollutants 

from sediment to water column is included in the FWM). 

The FS cites sources of uncertainty in the model predictions of changes in surface sediment concentration rate of 

net sedimentation/burial of incoming sediments (5.5.1 and 5.5.2) and the contaminant concentration on those 

incoming sediments (5.5.3).  Section 5.7 of the FS also discusses the role of loss processes, which processes 

ñhave not been modeled in the FS,ò including microbial degradation, volatilization, and desorption.  A water quality 

model could include sediment/water exchange and volatilization losses.  In addition, microbial degradation of 

PCBs may be an important process for water column concentrations. The degradation process tends to produce 

lower molecular weight homologs that have greater solubility and smaller partition coefficients and are thus more 

readily exchanged into the water column. 

2.1.1 Additional Information from Previous LDW Modeling 

The FWM of PCB bioaccumulation that was developed for the LDW Superfund Remedial Investigation required 

estimates of water column concentrations in the LDW.  This was done using an update of the 1999 King County 

EFDC model of the LDW and is reported in a memorandum from Bruce Nairn to Jeff Stern and Debra Williston 

dated November 30, 2009 and reproduced as Attachment A to Appendix D (Food Web Model) of the RI report.  

This earlier application provides some insights into technical issues and data gaps relative to the proposed 

modeling effort. 
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The 2009 EFDC modeling addressed total PCBs (as sum of congeners), as requested for the FWM.  The effort 

encountered a number of issues that we have already identified.  The calibration objective ñwas to obtain total 

PCB predictions that would be within a factor of two when averaged LDW-wide on monthly timescale.ò  

Specifically, the calibration was to the 2005 King County sampling, consisting of only four events and two 

locations.   

A key issue was the estimation of partition coefficients for PCBs.  A surrogate total PCB partition coefficient was 

based on octanol-water partition coefficients reported in the literature for PCB congeners, weighted by the 

observed distribution of congeners (separately for sediment and water column), and converted first to a carbon 

partitioning coefficient (Koc) and thence to a solids partitioning coefficient (Kd).  There were no site-specific data 

(e.g., paired analyses of filtered and unfiltered samples) to validate the partitioning estimates. 

Transfer from the sediment was represented by a flux velocity (rather than a diffusion parameter), for which no 

direct evidence was available.  This was the major calibration parameter in the model (set to 1.0e-6 m/s), but is 

also an important source of uncertainty.  Actual flux is likely to be largely driven by biological activity and should 

vary seasonally.  As implemented ñThis flux rate is constant in time, and the model does not include any 

simulation of biological activity or time varying estimates of the sediment flux rate.ò 

Another issue for the 2009 model was the changing conditions in sediment in the LDW.  Specifically, sediment 

remediation in the vicinity of the Diagonal/Duwamish CSO/storm drain occurred in 2004-2005, shortly before the 

water column data used in calibration was collected, but after the sediment characterization sample collection.  

This required an effort to estimate the post-remediation sediment concentrations in the area. 

The 1999 King County EFDC model simulated (among other pollutants) PAHs, DEHP, copper, and mercury.  The 

model appeared to perform well for copper, but data were not sufficient to quantitatively evaluate performance for 

the other pollutants of interest to us. 

2.2 LOWER DUWAMISH WATERWAY - EFDC 

Previous efforts conducted by King County and by consultants for the RI/FS have provided a strong foundation for 

hydraulic and sediment transport modeling in the LDW using EFDC.  In contrast, modeling of the fate and 

transport of toxics in the LDW is less developed.  The Superfund RI/FS work simulated flow and sediment with 

EFDC, but evaluated toxics only via a mass-balance accounting designed to evaluate how ongoing sources and 

remediation would affect the concentrations in surface sediment.  The original King Co. (1999) EFDC model was 

set up for several COCs for this project, but, of these, performance could be evaluated only for copper based on 

the data available at the time.  The 2008 update to the EFDC modeling in support of the FWM simulated PCBs, 

but in a simplified manner (as total PCBs) and with significantly less data than are now, or will soon be available.  

A major component of work to support the PLA will be building on the existing work to develop a full EFDC 

simulation of the movement and storages of all the project COCs within both the sediment and the water column 

of the LDW. 

2.2.1 Updated EFDC Model Domain 

The model domain for EFDC is an important factor to determine before discussing data needs and gaps for model 

configuration and calibration.  The location of model boundaries may influence data that could be used as 

boundary conditions for configuration, or data that could be used to support calibration if the boundaries extend.  

The EFDC model domain was discussed at the TAC meeting on March 19, 2015.  USGS provided information 

that the tidal influence could reach river mile 17 near Kent, WA under low flow conditions (also discussed in 

USGS, 2013).Given this factor, there may be cause to extend the upstream extent beyond those used for 

previous efforts Figure 5 identifies river mile 17 relative to the model domains of the original King County EFDC 

model and the EFDC model sponsored by the Lower Duwamish Waterway Group (LDWG) for the RI/FS.  Both of 

the prior models stop well short of river mile 17.  While it is likely that there is little upstream advective transport at 
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this point, the tidal influence will affect the hydrodynamics, particularly at a subdaily scale.  It may thus be 

advisable to extend the EFDC modeling up to this point. 

 

Figure 5.  EFDC model domain 

If a change to the upstream extent of the model (to river mile 17) were made, the domain would extend upstream 

approximately 8 miles into the Green River from the confluence of Black River and Green River.  Such a change 

would also influence the watershed model delineation as the location of the EFDC model upstream extent should 

be a pour point of a sub-watershed in the watershed model so that flow, suspended sediment, and toxics from the 

watershed model can be readily linked to the receiving water model.  With such a change, data in the 8 mile 

portion of the Green River below Kent, WA could be used to provide the EFDC model background information 

and to support the EFDC model calibration. 

2.2.2 LDW Current Conditions and Additional Data Summary 

EPA and Ecology have identified a candidate list of eight chemicals or groups of chemicals for modeling (see 

Table 1).  The eight chemicals or chemical groups are PCBs, cPAHs, dioxins/furans (e.g., 2,3,7,8 TCDD), arsenic, 

phthalates (e.g., DEHP), copper, zinc, and mercury.  Before discussing the strategies of filling the data gaps for 

model development, the data coverage of these toxics in the LDW was reviewed based on the RI and FS studies 

and subsequent data collection.  It should be noted that the RI and FS focused on the LDW while the proposed 
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sediment and toxic fate and transport models cover a much larger area than the LDW.  Data assembled for the 

RI/FS process in the LDW have and continue to be augmented by additional data collection in the upstream 

watershed. 

A total PCB map was generated for the FS by interpolating the sediment data in the LDW (Figure 6).  The map 

shows the high heterogeneity of sediment total PCBs, which can vary significantly within a short distance.  The 

highest total PCB concentrations were found near the bank, which reflects the contributions of sources and high 

attachment of PCB to sediment.  The FS report also presents the spatial distributions of arsenic, cPAHs, and 

dioxin/furans.  They are all highly heterogeneous.   

 

Figure 6.  Interpolated spatial distribution of total PCBs in sediment of the LDW (2007) 
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For other COCs considered in the RI report, the available information can be summarized as follows:  

¶ Arsenic is well characterized in the sediment and tissue similar to PCBs.  However, more water column 

data are available for arsenic than PCBs. Hundreds of water samples of total and dissolved arsenic were 

collected in 1996-1997.   

¶ PAHs and BEHP are also well characterized in LDW sediment and tissue, and had only limited data for 

surface water concentrations.   

¶ Only 54 sediment samples and no surface water samples were available for dioxins/furans at the time of 

the RI.   

¶ Mercury was detected in 746 out of 868 sediment samples and maps of the distribution of all metals in 

surface sediment are provided.  The tissue analyses for mercury also appear to provide decent 

coverage.  Only a small number of surface water samples had been analyzed for mercury.  One 

important gap is that it does not appear that analyses were available for methylated mercury, which is the 

bioaccumulatable form.   

¶ For all of the COCs other than metals, no pore water data were collected. 

For the PLA effort, a new review of data coverage in the entire Duwamish Estuary corresponding to the proposed 

domain of the EFDC model was conducted to support a review of data gaps.  Ecologyôs Sherlock and EIM 

databases were merged together first.  Sherlock includes data collected in the LDW and associated with the 

RI/FS work.  EIM is a more comprehensive database that includes data from throughout the watershed and 

collected for a variety of purposes.  Surface sediment data and water column data were extracted from the 

merged databases for this effort.  Surface sediment was defined as sampling taking place between 0 and 15 cm; 

sampling at depths in excess of 15 cm were excluded. For each of the eight candidate constituent groups, 

sampling locations and number of samples were reviewed and are presented below. When multiple samples were 

taken at a location during a given day (i.e., field duplicates), it was counted as a single sampling event. Surface 

sediment data were available beginning in 1980, but are summarized in this memorandum from 2000 through 

2014. Spatially, sampling event counts are summarized for three sections of the proposed EFDC domain from 

upstream to downstream: Duwamish/Green RM 5.0 to 17.0, LDW RM 0.0 to 5.0, and East/West Waterways. 

Surface sediment data are also available extending into Elliott Bay. Appendix A and B provide generalized data 

plots by parameter from this data review.  Surface sediment sampling locations are shown in Figure 7, Figure 8, 

and Figure 9, and water column sampling locations are shown in Figure 10. 
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Figure 7. Surface sediment sampling sites in Duwamish/Green Rivers from RM 5.0 to 17.0 
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Figure 8. Surface sediment sampling sites in the LDW from RM 0.0 to 5.0 
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Figure 9.  Surface sediment sampling sites in East/West Waterways and Elliott Bay 






























































































































